Abstract This study aimed to develop a type of hamburger meat product and evaluate the physical features and sensory formulations of oatmeal flour, flour of green banana pulp, flour of green banana peel, flour of apple peel and pulp of Green Banana as fat substitutes. Regarding color, the formulations containing fat substitutes based on green banana presented lower values for b* and L*. Hamburgers with added oatmeal and apple peel flour obtained high values of a* and low values of L*, producing the reddest burgers. Substitutes based on green banana differed from others, resulting in a higher yield of burgers and water-holding capacity during cooking, besides having lower toughness and less shrinkage. The sensory acceptance test for untrained consumers suggests that the flour of peel and pulp of green banana, and oatmeal flour are excellent choices for fat-substitution in beef burger. Although fat contributes to a series of physical and sensory attributes such as softness, juiciness and yield, it is possible to reduce the lipid content in beef burgers without depreciating the quality of food through the use of the following fat substitutes: oat flour, apple peel flour, green banana pulp flour, green banana peel flour and green banana pulp.
Introduction
In recent years, beef consumption has shown continuous growth. Much of this growth is related to the sector of frozen meat products, especially burgers. The consumption of these meat products has increased so much that one single "fast food" network sells more than 100 billion hamburgers annually worldwide at a rate of 75 burgers per second (Spencer et al. 2005) .
The popularity of hamburger lies in its favorable sensory characteristics, practicality and high content of protein with high biological value, vitamins and minerals, which has transformed it into a habitually consumed food in many countries (Ramadhan et al. 2011 ). This product is prepared from minced meat, and traditionally, contains up to 30 % fat. If the meat is too lean, then the texture is rubbery and additional fat is necessary to provide the desired degree of succulence, with an acceptable flavor and texture (Carrapios 2007; Angor and Al-Abdullah 2010) . However, high fat intake is related to an increased risk of obesity, some cancers, high cholesterol blood rates, hypertension and coronary heart disease (United States Department of Health and Human Services 1998; United States Department of Agriculture 1995; Krauss et al. 1996; Khalil 2000) . For these reasons, many health organizations have alerted the beef industry about the need to develop meat products with reduced fat and to value food products with reduced amounts of fat (Troy et al. 1999; Turhan et al. 2005) .
To make this product healthier, some prospects for the reduction of the lipid content of hamburger meat have been proposed. Several studies highlighted the possibility of replacing some of the fat with another ingredient or a combination of ingredients known as fat replacers (Troy et al. 1999; Sáyago-Ayerdi et al. 2009 ).
The development of low fat foods seems to be simple at first but demands great efforts in research and development because fat contributes to sensory attributes like softness, juiciness and yield that are considered to be important by consumers (García et al. 2002) . However, research has found that some fat substitutes composed of carbohydrates like starches and fibers, among others, can improve the physical and sensory characteristics of meat products with reduced fat when used at concentrations of up to 3 % (Berry 1994; Desmond et al. 1998; Troy et al. 1999; Anderson and Berry 2000) . It is also important to note that meat does not contain fiber and is frequently associated with the appearance of diseases in the human digestive tract (Mansour and Khalil 1997 ).
An interesting alternative for food production is the use of waste fruit (mainly from fruit peels and scrap) as feedstock. This is a concrete and plausible proposal as the residues of fruits are sources of fiber, vitamins, minerals, flavonoids and phenolic substances with beneficial health effects that may assist in preventing the development of several chronic diseases (Oliveira 2002) .
Addition of vegetable products in meat products can improve its functional properties, minimizing the product cost and improving or at least maintaining nutritional and sensory qualities of end products (Turhan et al. 2007; Ali et al. 2011) . Vegetables could also serve as fillers, binders, fat replacers and sources of dietary fiber and natural antioxidants in a meat system (Hedrick et al. 1994; Ali et al. 2011) . Ali et al. (2011) evaluated the effect of potato flakes as fat replacer on the quality attributes of low-fat beef patties: cholesterol content of low-fat patties decreased as level of potato flakes increased; cooking yield and water holding capacity increased with increasing the levels of potato flakes; overall acceptability for beef patties formulated with potato flakes was high. Kaack and Pedersen (2005) used by-products from industrial processing of potato flour and yellow peas as ingredients in low-fat high-fiber sausages: the formulations resulted in sausages with excellent flavor and texture, an attractive color, in addition to a reduction of the caloric value. Anderson and Berry (2000) evaluated some properties of lower-fat beef patties made with inner pea fiber: the use of this fiber improved tenderness and cooking yield, without negative effects on juiciness and flavor. Besbes et al. (2008) used pea fiber wheat fiber concentrates as dietary fibers in beef burger formulation: the use of these fibers increased the cooking yield, decreased the shrinkage, and minimized production cost without degradation of sensory properties.
This study aimed to develop a type of hamburger meat product with vegetable substitutes of fat. The formulations were based on replacement of fat by oatmeal flour, green banana pulp flour, green banana peel flour, apple peel flour and green banana pulp. A study of the physical characteristics and sensory acceptance was carried out to evaluate the characteristics of formulations containing fat substitutes.
Materials and methods
Preparation of green chunky banana pulp, peel fruit flours, and oatmeal
Fruits that could not be sold for direct consumption (fruit dismembered of the banana bunch) were employed for the preparation of the pulp and flour and were bought at a local market of Lavras, MG. All fruits were sanitized (immersion in 5 mg L −1 sodium hypochlorite for 1 min) before processing.
The bananas were used in maturation stage of 1 (Tapre and Jain 2012) .
To obtain the green chunky banana pulp, green bananas were mashed and frozen at −10°C. The three other types of fruit flours (apple peel, green chunky banana peel and green chunky banana pulp) were prepared in the same fashion. The peels or pulps were crushed, dried in a lyophilizer (Labconco, FreeZone 4.5 L) for 36 h and then ground in a hammer mill (Treu, model 112 M989, São Paulo, Brasil) . The standards were made on an 80-mesh-cell sieve. After preparation, the products were stored in polypropylene airtight (80×37×56, WxHxL) until the use in burger formulations. Oatmeal flour (mark Quaker) was bought at local market of Lavras, MG.
Hamburger patty formulation
The meat (10 kg of fresh rump, Nelore, 2 years old) for burgers formulations was acquired at butcher shop inspected by the Brazilian health agency, at Lavras, MG.
Initially, all apparent fat and connective tissue were removed from the meat. The meat and fat (back fat) were then ground separately in a grinder (5 mm hole openings in the grinder plate) two times to obtain good uniformity. After grinding, this material was divided on 1 kg blocks, vacuumpacked in vacuum pouches, and then frozen at −18°C until processing and characterization.
Good handling practices were followed during burger formulation (Brasil 1997) . For each burger formulation, thawed meat (on cooling) at a temperature between −1.6 and −3.0°C, monitored by a thermometer, was used.
The formulations were prepared according to Table 1 . For preparation of beef burgers, the ingredients and the meat were mixed in a paddle mixer (FDSP, SHSJ Paddle Mixer Feed) for 6 min. After salt (dissolved in 50 ml cold water (4°C)) was added. For the production of hamburgers, 90 g portions were packed in polyethylene plastic, molded by hand press into a mold 13 cm in diameter. After molding, the hamburgers were frozen in waxed cardboard boxes, vacuum-packed and kept at temperatures below −18°C until analysis.
Thermal treatment
After thawing at 4°C for 12 h, the burgers were cooked on an electrical grill (stainless steel, 110×23×45 cm, 5,450 W) at 150°C for about 12 min (7 min on one side and 5 min on the other side).
Technological characterization

Cooking yield
The yield percentage was calculated according to the following equation proposed by Berry (1992): %yield ¼ weight of cooked sample g ð Þ weight of raw sample g ð Þ ⋅100 ð1Þ
Shrinkage after cooking
The hamburger shrinkage percentage due to cooking was determined according to the following equation proposed by Berry (1992) :
Water-holding capacity
The hamburgers (cooked strips) water-holding capacity (WHC) was determined according to the methodology adapted by Troy et al. (1999) . Samples of 1.0 cm in thickness and weighing approximately 5.0 g were taken from the burgers. These samples were wrapped in common cotton, packed in quantitative filter paper and centrifuged at 4,000 rpm for 10 min. After centrifugation, samples were taken from the cotton and weighed. The WHC was calculated according to the following equation:
where:
A weight of sample before centrifugation (g) D sample weight after centrifugation (g) U initial moisture content of the sample (g).
Shear force
The shear force (kgf) was measured on cooked hamburger. The pieces of meat 2.5 cm in length and 1 cm in thickness were taken from two different areas of each sample. The methodology of Abularach et al. (1998) was used with a texture analyzer (Stable Micro System, model TA-XT2, Surrey, England) equipped with a Warner-Bratzler cell operating at a speed of 200 mm/min.
Color measurement
The color of cooked samples were measured with a colorimeter (Minolta, model CR 300, Osaka, Japan), operating on the CIE system to measure the parameters L*, a* and b* (10 mm aperture opening, D65 illuminant source, and 90°viewing angle). The color was measured from a three-dimensional color diagram (L* a* b*), where L* indicates lightness, a* chromaticity indicates green (-) to red (+) and b* chromaticity indicates blue (-) to yellow (+).
Sensory analysis
Each one of the seven formulations was evaluated by 80 untrained adult consumers belonging to this university. The acceptance test was carried out on two sections (four samples in first section, and three samples in second section) with the same 80 consumers. The evaluated attributes were appearance, taste, texture, overall aspect, and intent to purchase. The acceptance test was performed using a 9-point hedonic scale (9 = I like extremely, 1 = I dislike extremely) and the purchase probability using a 5-point scale (5 = I definitely would buy the product; 1 = I certainly would not buy the product). The tests were conducted in an enclosed cab with white illumination, and the samples were placed on a white workbench and coded with three random digits (Cruz et al. 2013a) . Sensory data were statistically analyzed by a three-way internal preference mapping (Nunes et al. 2011) . The calculations were performed using the SensoMaker software (Pinheiro et al. 2013) .
The three-way preference map was obtained by PARAFAC (Parallel Factor Analysis) (Bro 1997 ) from a threedimensional data conformation consisting of seven samples × 80 consumer × five attributes. PARAFAC is a method employed for the decomposition of higher-order data, and it can be considered a generalization of PCA for multidimensional data (Bro 1997) . PARAFAC is able to provide an exploratory interpretation of the samples and variables, taking into account the different K conditions in which the data were generated. Therefore, PARAFAC is able to decompose an I × J × K array, which, in the case of internal preference mapping studies, is an array of products × consumers × attributes. PARAFAC provides parameters (loadings) that directly reflect the variability in the three modes of interest (i.e., samples, consumers, and attributes). Then, the first two factors of each loading mode are plotted on a bidimensional graph. The first mode represents the samples, the second mode represents the consumers, and the third mode represents the attributes. The interpretation of the three-way internal preference maps obtained by PARAFAC is made in a similar manner to that of regular internal preference maps, i.e., based on the positions of points in the graphs (Nunes et al. 2011) . In the present study, PARAFAC models with different numbers of factors were calculated and the criteria CORCONDIA and explained variance were used to determine the appropriate number of components. This number was assessed through of the model with the highest number of components, the greatest explained variance and a valid value for CORCONDIA, close to 100 % (Cruz et al. 2012) .
Results and discussion
Color parameter evaluation
Color evaluation of hamburger samples was performed to determine the influence of fat substitutes on this physical feature, which is one of the main parameters of quality that leads to consumer purchase and overall acceptability of the meat product. Table 2 shows the variation of L*, a* and b* according to different fat substitutes employed in the formulation of beef hamburgers.
The L* parameter (lightness) exhibited results between 29.55 and 43.32. Formulation F2 showed the highest L* value compared to the others. As this parameter reflects the brightness of the hamburger, this formulation was the palest, which can be explained by presence of fat in this formulation. These results are consistent with studies on processed meat products that show that the addition of fat results in paler products has a dilutive effect on color (Troutt et al. 1992; Seabra 2002; Figueiredo 2002; Aleson-Carbonell et al. 2005; Turhan et al. 2005) . The no fat treatments had low values of L*, and they were the darkness treatments. Previous work reports that the partial or total removal of fat from beef burgers results in a darker color, probably due to the decrease in light as described by Figueiredo (2002) . Besides it can be supposed that the darker color of the no fat hamburgers was due to non-enzymatic browning reaction during the cooking between carbohydrates present in the substitutes and amino acids of the meat. The a* parameter showed values between 5.66 and 8.11. The burgers with fat substitutes reached the highest values of a*; in other words, these samples were redder compared to F1 and F2. The formulations F6 and F3 were redder than the others. The literature reveals that the incorporation of fat substitutes in meat products may increase the red color of processed foods, and this increase is proportional to the amount of substitute used in the preparation (Pietrasik 1999; Crehan et al. 2000) .
The F4, F5 and F7 formulations showed lower b* values than the others. The addition of fat substitutes in this study reduced the b* value, resulting in products that were less yellowish but had color characteristic of the identity and quality of beef burgers. This reduction in b* values can be justified by the substitutes used in this research having a good potential for moisture retention, which has a dilutive effect on the chromaticity, as described by Aleson-Carbonell et al. (2005) . Similar results were found by Turhan et al. (2005) .
Characteristics of water-holding capacity, yield, shrinkage, and shear force The physical characteristics of yield, shrinkage, water-holding capacity and shear force for the seven formulations are presented in Table 3 .
Water-holding capacity WHC is a meat property describing the ability to retain water through self-structuring. It is a technological parameter used by the meat industry because it is related to post-slaughter weight loss, along with the quality and yield of meat and meat products. WHC also influences the sensory quality of meat because water loss during cooking can affect the juiciness and softness of meat (Aleson-Carbonell et al. 2005) .
Samples of hamburger with fat substitutes had higher water-holding capacity than F1 and F2, as illustrated in Table 3 . Formulations F4, F5 and F7 highlighted with respect to this parameter. This may be explained by the high total starch content in the banana products, which is gelatinized at high temperatures, and absorbs water into starch granules with concomitant swelling (Rodríguez-Ambriz et al. 2008; Ali et al. 2011) . The F6 and F3 formulations also are good alternative for fat substitutes in burgers because its substitutes increase yield with respect to the conventional product. The ability of these substitutes of fat to hold moisture in meat samples has favorable implications in the final product quality by preventing excessive moisture loss in products thus avoiding undesirable crunchy and flaky texture (Ali et al. 2011) . Additionally, oats (F3) provide better intestinal function and gastric emptying, which result in greater satiety (Troy et al. 1999) . García et al. (2002) found that with fiber fruits and cereals in the manufacture of low-fat sausages, the water content in such products was higher than that in others, probably due to increased water-holding capacity of these fibers, mainly soluble.
These results are relevant for food industries, which have sought alternative technologies to improve the water-holding capacity of meat products. Water loss is a problem for traders and consumers due to the reduction in weight of meat and the accumulation of fluid around it. Color, texture and acceptability depend on the product's ability not to lose water (Morón-Fuenmayor and Zamorano-García 2004; Hautrive et al. 2008) .
Data from this study and others conducted in the same field show that burgers without fat, made with alternative fat substitutes, have a high WHC, resulting in a juicier product and suggesting that the addition of some substitutes has a positive influence on the ability of meat products to retain water (Desmond et al. 1998; Troy et al. 1999; Khalil 2000; Anderson and Berry 2001; Seabra 2002 ).
Yield and shrinkage
The formulations without added fat had a higher yield upon cooking compared to conventional products (F1 and F2) . This improvement could be due to the increased in moisture binding by the added fat substitutes, and on the other hand, the loss in control beef patties might be attributed to the excessive fat separation and water release during cooking (Ali et al. 2011) . It is reported that flour-based fat substitutes, which are rich in starch and pectin, upon contact with water, form gels that result in greater retention of water and lipids in food (AlesonCarbonell et al. 2005) . The lower yield of the F1 and F2 formulations can also be attributed to excessive fat separation and water during cooking (Mansour and Khalil 1997; Khalil 2000; Turhan et al. 2005 ). According to Table 3 , among the fat substitutes evaluated, the formulation with the highest yield (88.98 %) was the F7 formulation, followed by F5 and F4, which had yields of 87.35 % and 86.71 %, respectively. As mentioned, these fat substitutes from green chunky bananas have high capacities for water retention and higher swelling. The relationship between the type of fat substitute and yield after cooking is in agreement with literature results in which burgers with reduced fat levels and added fat substitutes had higher-yield formulations with and without fat (Meinhold 1991; Pszczola 1991; Berry 1992; Mansour and Khalil 1997; Desmond et al. 1998; Khalil 2000; Anderson and Berry 2001; Seabra 2002; Aleson-Carbonell et al. 2005; Turhan et al. 2005) . However, the formulations in which the green chunky banana was used as a fat substitute had yield values above those quoted by these authors.
The shrinkage of the F3, F4, F5, F6 and F7 formulations was also lower than that of F1 and F2. The hamburgers containing residues of the green banana highlighted with respect to this parameter, as these samples showed the smallest reduction in diameter during cooking. The reduction in diameter is the result of the denaturation of meat proteins with the loss of water and fat. The addition of fat substitutes could contribute to the reduction of this phenomenon because of their water and fat-binding capacities (Besbes et al. 2008) .
The literature (Mansour and Khalil 1997; Seabra 2002; Turhan et al. 2005; Anderson and Berry 2000; Besbes et al. 2008 ) mentioned that meat products containing added fat substitutes shrank less during cooking compared to conventional products (hamburger with and without fat), but some formulations in this study (F4, F5 and F7) exhibited slightly lower values of shrinkage.
Shear force
It was found that there was a change in the characteristic hardness among the formulations under study. Formulation F2, in general, showed the greatest hardness, followed by F1. The other formulations which were used fruits and oatmeal based fat substitutes presented lower force values. These substitutes are source of fibers and should contribute to hygroscopicity and give the final product its characteristic juiciness and less mechanical resistance. The formulations with added fat substitutes showed less hardness. These results corroborate those of the existing literature, which reports that some substitutes may provide better texture to products made with ground beef because these ingredients absorb water, dissolve with the meat protein matrix and result in increased softness of the product (Mansour and Khalil 1997; Desmond et al. 1998; Tsai et al. 1998; Khalil 2000; Aleson-Carbonell et al. 2005; Anderson and Berry 2000) .
Principal component analysis
PCA is an exploratory method that seeks to show similarities or differences among samples in a given dataset and allows for acquisition of information about the typical characteristics from the samples based on studied variables, thus facilitating understanding the dataset (Beebe et al. 1998; Cruz et al. 2013b; Souza et al. 2011) . Using the principal component analysis (Fig. 1) , it was possible to evaluate the similarities between the samples of hamburgers because of their physical characteristics.
Two principal components (PCs) were used and together explained 99.69 % of the total variance observed between samples in this study. The scores plot (Fig. 2a) indicates the formation of three distinct groups. The first group was formed by F1 and F2 samples. According to the loadings plot (Fig. 2b) , these formulations are characterized by high strength and greater shrinkage during cooking, as well as lower yield and capacity to retain water. The second group composed of F4, F5 and F7 formulations showed a higher yield during cooking and higher WHC when compared to other treatments. They were also less in hardness and shrinkage in cooking. The third group, formed by F3 and F6 formulations, had intermediate values, mainly for WHC and shrinkage.
Sensory analysis
The hamburger formulations were evaluated on the sensory attributes of appearance, taste, texture, overall aspect and purchase intention.
The three-way internal preference map obtained by PARAFAC allows for the verification of similarities or differences between samples (by loadings in first mode) and the verification of samples receiving the largest number of high ratings in the sensorial analysis (by loadings in \ond mode), and it considers the ratings of all attributes simultaneously. Then, a global interpretation of the sensory analysis considering all attributes can be made. Moreover, the influence of each attribute on the distinction of the samples and on the rating distribution can be evaluated (by loadings in third mode) (Nunes et al. 2011) .
The internal preference map is shown in Fig. 2 . Three factors were used to obtain the PARAFAC model, which presented a core consistency (Bro and Kiers 2003; Nunes et al. 2011 ) of 72.35 %. It can be observed that many consumers approved of formulation F3 in terms of appearance, flavor, texture, overall aspect and purchase intention. This indicates that the F3 formulation was most preferred, having received the greatest amount of high grades and was well reviewed across all attributes of the acceptance. Formulations F4 and F5 were also well accepted, though to a lesser degree. Finally, F1, F2, F6 and F7 had lower acceptance by consumers, yet they were categorized between "like slight" and "like moderately" by consumers.
A low acceptance for formulation based on green chunky banana pulp was foreseen when the pulp of green banana (F7) was added to the other ingredients of the hamburger, resulting a dark, non-homogeneous product. Thus, it is suggested that waste fruit be converted into food powders or flours for they to be used as fat substitutes in beef burger formulations.
In general, the fat substitution in burgers was not received negatively by consumers. These results suggest that flour of peel and pulp of green banana, and oatmeal flour are excellent choices for the replacement of fat in beef burgers. It is assumed that these fat substitutes increased the acceptability of hamburgers, improved the physical characteristics.
Conclusion
Although fat contributes to a series of physical and sensory attributes such as softness, juiciness and yield, it is possible to reduce the lipid content in beef burgers without depreciating the quality of food through the use of the following fat substitutes: oat flour, apple peel flour, green banana pulp flour, green banana peel flour and green banana pulp.
The highest-rated burgers in terms of water-holding capacity, yield, shrinkage and shear force were the formulations containing substitutes based on green bananas.
The scores of the sensory acceptance test suggest that the flour of peel and pulp of green banana, and oatmeal flour are excellent choices for fat-substitution in beef burger, as the notes of tasters showed positive acceptance of hamburgers made with these substitutes.
